The aim of this study was to produce and evaluate a soft cheese fortified with zinc and 24 with cholesterol-reduced content. To meet this objective a cream base was prepared, 25 from which Cholesterol was removed using β-cyclodextrin as extracting agent. Then,
INTRODUCTION
In the last years, the "functional foods" concept has achieved a great importance for 37 consumers and between them dairy products are the most required. It has been reported 38 that high cholesterol blood levels represent a major risk factor for developing coronary 39 heart disease. In spite of the relationship between dietary cholesterol and plasma 40 cholesterol levels it is being still investigated, the World Health Organization and the 41 American Heart Association have recommended the reduction of dietary cholesterol 42 consumption (Dias et al. 2010) . Reduce cholesterol from fat dairy products is a way to 43 avoid the risk of these diseases with keeping the rest of the milk fat, since is an 44 excellent source of energy, vitamins (A, D and E), antioxidants and essential fatty acids cooled to 40±1 °C, followed by the addition of CaCl2 (200 mg Kg -1 , Cicarelli, Santa Fe, 136 Argentine) and the Zn 2+ salts (16 mg Zn 2+ kg -1 ) in the case of fortified cheese samples 137 (Aquilanti et al. 2012, Kahraman and Ustunol 2012) . The starter lactic culture for 138 Cuartirolo soft cheese (STD, Diagramma S.A., Santa Fe, Argentine) was added at a 139 ratio of 0.01 g kg -1 of TM. After that, bacterial rennet (0.94 UR mL -1 , Chy-Max®, 140 Chr.Hansen, Denmark) was added at a ratio of 0.5 mL kg -1 of TM. Clot was formed 141 after 30 min, cubes of approximately 2 cm 3 were cut and allowed to heal during 15 min. 142 The mixture whey-curd particles were gently stirred for 5 min. This operation 143 repeated thrice. Whey was drained and the curd was moulded. Moulded cheese (0.5 kg 144 cheese) were stored at 40±1 °C, inverted each every 30 min until the pH of the cheese 145 was near 5. 3±0 .1. The molded cheese was maintained in a cold brine solution (20 % 7 w/w NaCl) for a period of 1 h kg -1 of cheese. After that, cheese samples were vacuum 147 packed and ripened at 5 °C for 20 days (Figure 1) . 148 Four types of Cuartirolo soft cheese were made: 1) a cholesterol-reduced cheese 149 (ChC-R: made of TM obtained from cholesterol-reduced CB and without Zn 2+ 150 fortification), 2) a ZnCl2 fortified cheese (ChZnCl2: made of TM obtained from 
156

Quantification of cholesterol 157
Cholesterol content of the CB, before and after β-CD treatment, was determined in 158 quadruplicate. Samples of CB were saponified, followed by cholesterol extraction using (1)
168 Cheese Zn 2+ content was determined according to the flame atomic absorption 171 spectrophotometric method of the Association of Official Analytical Chemists (1990 The force in Newton required to push a cylinder probe (diameter 20 mm), at a 199 speed of 10 mm min -1 , into the cheese mesh was measured. Cheese firmness was 200 considered as the force required to insert the probe to a depth of 10 mm into the cheese.
Chemical cheese analysis and cheese yield determination
201
Colorimetric measurement 202
A high-resolution digital camera (Nikon, Coolpix P520) was used to measure colour by 203 capturing the colour image of cheese samples under proper lighting. The digital images 204 were processed, using Photoshop software (Adobe Systems Inc., USA) according to the 205 method proposed by Soazo et al. (2014) in order to obtain the L*, a* and b* parameters.
206
Where L* is the luminance or lightness component that goes from 0 (black) to 100 207 (white), and parameters a* (green to red) and b*(blue to yellow) are both chromatic 208 components, varying from -120 to +120. The digital images were acquired with a pixel resolution of 1024 X 1024 and stored 220 in a TIFF format in order to be analyzed.
221
Images textural analysis 222
Texture parameters: Shannon entropy (S), smoothness (K), uniformity (U) and grey 223 level variance (σ 2 (N)), were determined from the CLSM images according to the 224 method proposed by Ingrassia et al. (2013) .
225
Pore diameter determination
226 In order to determine cheese pore diameter from the CSLM images a plug-in of the 227 image J (version 1.485) program was employed (Doube et al. 2010) . From the CSLM 228 images, the thickness parameter was obtained using the Bone J plug-in (version 1.3.12).
229
This can be interpreted as the width of cavities or as the distance between structures. It 230 can thus be used to estimate parameters such as pore diameter. 
234
All cheese meltability determinations were made after 20 days of ripening. Samples 235 were maintained at 4 °C for 30 min before the determinations and then were placed in a 236 stove at 130 °C for 15 min. Subsequently, both areas (before and after heating) were 237 determined in order to quantify the fusion capability of each cheese sample. Table 1 . 275 As expected, notably higher Zn 2+ levels ranging from 129±8 to 131±8 mg kg -1 , The slightly higher yield observed for the cheese obtained from cholesterol-reduced 294 TM compared to ChWT arise as a result of the homogenisation process that involved 295 the cholesterol extraction protocol. Yield increase was previously reported and could be 296 explained by the fact that protein and fat recovery were higher in cheese made from 297 homogenised milk (Kwak et al. 2001) . Homogenisation creates smaller fat globules 298 with a greater total fat-water interfacial surface area that enabled fat globules to interact 299 with the casein matrix (Everett and Auty 2008).
300
Moreover, Table 1 shows moisture percentages values for each type of cheese. On the other hand, no statistical differences in firmness value were found 317 between cheese obtained from cholesterol-reduced TM (ChC-R; ChZnSO4; ChZnCl2), 318 14 indicating that Zn 2+ salt fortification does not have an effect on firmness value. 319 Therefore, the Zn 2+ concentrations added seems not to affect the establishment of 320 rearrangements that lead to increase the coagula firmness. consequence of the reduction of fat particle size by the homogenisation process, which 333 makes the cheese appearance whiter and less yellow than cheese made from 334 unhomogenised milk (Rudan et al. 1998 , Kwak et al. 2001 . (Zheng et al. 2006) .
341
CLSM images of cheese samples sections obtained from the TM with cholesterol-342 reduced content exhibit a diminution in the values of S, K and σ 2 (N) and an increment in the U value, in comparison with the parameter values found for ChWT (Table 2 ). An ChZnCl2, reflecting the fact that the addition of Zn 2+ salts has no effect on cheese 354 microstructure, thus concluding that microstructural differences are due exclusively to 355 the homogenisation process. The sensory attribute of cheese was studied in appearance, texture and flavour; the 369 average data for all sensory descriptors are summarized in Table 3 . Elasticity for ChZnSO4 showed a significantly lower value than the rest. Adherence to 381 the palate was higher in the case of fortified cheese than for 382 indicating than Zn 2+ salts increase the resistance to remove the product from the palate.
383
Cohesiveness was lower for ChZnSO4 and higher for ChC-R. Chewiness and mouthfeel 384 were similar in all samples. In the present study, a functional dairy product with a satisfactory level of cholesterol 405 extraction (93%) and a high content of Zn 2+ level, with adequate physical and sensory 406 characteristics, comparable to those found in traditional Cuartirolo soft cheese, was 407 achieved. However, the differences found between the ChWT and the cholesterol-408 reduced content cheese samples were due to the mechanical homogenising process used 409 to maximize the cholesterol extraction percentage and were not related with the use of 410 β-CD or with the Zn 2+ fortification strategy. On the other hand, both Zn 2+ salts tested 411 showed to be effective and appropriate for Cuartirolo soft cheese fortification.
412
Nevertheless, the use of ZnCl2 showed to be more adequate from a sensorial point of 
